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INTRODUCTION

of biological warfare during the Korean War.10 As
the 21st century opens, the potential for govern-
ments or individual terrorists to use biological or
chemical agents against a population has not less-
ened and may indeed be greater than it was in the
1950s. The 1995 terrorist attack on a Japanese sub-
way train using the nerve gas sarin resulted in more
than 5,000 people injured and 11 deaths.11 Biological
warfare and biological terrorist events by definition
seek to create epidemics and so the need remains
for a cadre of capable epidemiologists to respond
to domestic or military public health emergencies
of this nature.12

This chapter is intended to provide a practical,
detailed discussion of the specific steps to use in
conducting the investigation of an outbreak in the
field (Exhibit 32-1). The initial purpose of the in-
vestigation is to determine the population at risk
and identify the specific cause or exposure risk fac-
tors of disease. As the description of the outbreak
becomes clearer, explicit objectives can be formu-
lated for the planned field work to develop and test
hypotheses proposed to explain the outbreak. This
permits effective intervention, which in turn will
end the crisis.

EXHIBIT 32-1

OUTBREAK INVESTIGATION METHODOLOGY

Verify the diagnosis or define the problem

Establish a case definition

Ascertain cases

Verify the existence of an epidemic

Organize a multidisciplinary team

Identify disease control measures

Describe the outbreak by person, time, and place

Identify risk factors and mechanisms

Develop tentative hypotheses and a plan

Determine type of outbreak and critical exposure

Hypothesize about mechanism of transmission

Develop survey instruments

Plan for administrative and logistical consider-
ations

Identify medical treatment resources

Reevaluate control measures in place

Test hypotheses

Collect data and specimens

Determine the need for additional studies and
analysis

Evaluate the adequacy of the case definition

Establish criteria for deciding outbreak is under
control

Compare results to those of the published literature

Finalize report with control recommendations

Write an executive summary and prepare a
complete report

Evaluate effectiveness of control recommenda-
tions

The use of the epidemiologic method to identify
and control an acute disease problem in a popula-
tion represents the most dramatic application of the
science of epidemiology. Knowledge gained from a
well-conducted outbreak investigation can enable
the investigator to intervene and control an epidemic.
The relatively quick tempo of this scientific endeavor
also contributes to its unique place in research. The
literature is replete with classic examples of outbreaks
occurring in military populations.1–3 Carrying out
the military mission is associated with living, work-
ing, eating, and playing in a group environment
under harsh conditions. This togetherness, coupled
with potentially unique occupational and environ-
mental exposures, can result in outbreaks in de-
ployed service members. Vaccines or effective
chemoprophylaxis do not exist for many endemic
diseases. Recognition of new pathogens and the
reemergence of known pathogens with new drug
resistance patterns have contributed to a resurgence
of infectious diseases as a threat to the military force
in the field.4–9

The Epidemic Intelligence Service program for
public health officers at the Centers for Disease
Control and Prevention (CDC) grew out of the fear
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VERIFY THE DIAGNOSIS OR DEFINE THE PROBLEM

be quantified. Categorization of cases as possible,
probable, or confirmed using type and number of
symptoms, culture results, and other pertinent infor-
mation will sometimes be useful in further refining
the case definition. Case definitions for known diag-
noses have been published by the CDC,13 and the use
of standard definitions allows for better comparisons
between outbreaks. The case definition criteria must
be applied consistently to all persons studied. A broad
case definition may be refined later but a very nar-
row initial definition may miss cases. Consider the
clinical spectrum of apparent illnesses being seen and
whether this is a disease or condition in which a large
number of asymptomatic cases are likely. Arriving at
a clear case definition may sometimes be extremely
problematic, as is best exemplified by the attempts to
establish a case definition of “Gulf War syndrome.”14

An accurate and sensitive case definition is essential
to reduce misclassification and confounding when
investigating potential exposure risk factors.15 Epide-
miologic investigation of outbreaks usually begins
with identification of a distinct disease syndrome and
proceeds to evaluation of risk factors using epidemio-
logic methods. This is successful even with newly rec-
ognized diseases such as toxic shock syndrome.16

Studies of Persian Gulf War veterans have been com-
plicated because neither a distinct clinical picture nor
distinct exposure risks are clear.17

Ascertain Cases

Case finding efforts begin using the case defini-
tion or definitions established. Investigators must
start and maintain a line listing or log of all presumed
cases. This log should include name, social security
number, unit, sex, age, and other relevant informa-
tion (eg, pending culture results). It is important to
include a phone number or contact location for each
presumed case on the list. Other possible sources
of information for finding cases with the condition
of interest should be considered. These sources
might include medical records, emergency room
logs, specific clinic logs, or laboratory records. A
check on relevant quality control or quality assur-
ance procedures in the laboratory, clinic, or other
facilities should be done to rule out artifactual in-
creases in numbers. On military installations, the
surrounding civilian community should be checked
for additional cases through queries to local physi-
cians, clinics, or public health departments. Because
of the mobility of the military population, cases may
have been exposed in one location and have trav-
eled elsewhere, even across continents, during the

An outbreak investigation is an iterative process
that passes through distinct phases. An outbreak
investigation begins with the recognition of a problem,
usually cases with similar symptoms clustered in space
and time. An alert observer must then call on the
services of the public health system. The appointed
investigator needs to obtain as much detailed in-
formation as possible from the initial report. Cases
of clinical illness should be fully described, to in-
clude the type of symptoms, frequency of symp-
toms, onset time, and duration of the illness. In
some instances, the actual diagnosis is already
known. On other occasions, only a collection of
signs and symptoms is apparent. When the etiology
is unclear, the differential diagnosis for the clinical
presentation of symptoms and physical exam find-
ings must be considered. Clinical clues and timing
of onset can help narrow the possibilities. For example,
the presence of blood and fecal leukocytes in diarrheal
stools indicates an inflammatory process and limits
the number of pathogens to be considered. The pres-
ence of paresthesias or other neurological symptoms
immediately suggests the possibility of a chemical
intoxication from ciguatoxin, scombrotoxin, para-
lytic shellfish poisoning, or mushroom poisoning.
It is very important at this early stage to determine
the type of studies (eg, smears, cultures, serologies,
radiographs) necessary to verify the diagnosis. Ap-
propriate laboratories should be made aware of the
possible organisms, toxins, or other agents being
considered because some will require special me-
dia or special testing.

Following this initial notification of a problem,
two equally important determinations must take
place: (1) verification of the diagnosis or at least
definition of the problem and (2) verification of the
existence of an epidemic. Often these two funda-
mental steps will occur simultaneously. The order
in which these two steps are listed in the investiga-
tion process will vary, depending on the leader’s
preferences. Part of the complexity of launching and
conducting an investigation of this type is the ne-
cessity to organize and take action in multiple di-
rections simultaneously. Delay in taking action
could result in loss of important data.

Establish a Case Definition

After gathering the initial impressions, the inves-
tigators must develop a workable case definition
and begin case finding efforts. Simple, objective
criteria are best. The type, magnitude, and fre-
quency of symptoms, as well as their duration, must
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incubation period. Cases of coccidioidomycosis, in
a classic example, occurred as the result of expo-
sure on military bases in endemic areas in Califor-
nia but did not present until personnel traveled else-
where.18 In situations such as these, distant locations
may need to be contacted. The need for a thorough
travel history and an elevated level of diagnostic
suspicion is key to case recognition. The case find-
ing efforts may need to be broadened to the Offices
of the Surgeons General in the Department of De-
fense and to the CDC. Patients may even self refer
once news of the outbreak and the investigation
becomes known. The media can assist health au-

thorities in informing the public and in directing
the referral of possible cases for evaluation through
its public service announcements. In military set-
tings, cases may sometimes be found by using ques-
tionnaires to screen units. Follow-up interviews and
evaluations may be required to determine actual
case status. For communicable diseases, finding the
contacts of known cases may identify additional cases
and provide other relevant information. Unrecognized
cases, those with mild illness or who are asymptom-
atic, may provide additional clues or supporting data
concerning the presumed disease or hypothesized
etiology.

VERIFY THE EXISTENCE OF AN EPIDEMIC

After describing, defining, and finding cases, then
the question is whether the number of cases found
constitutes an epidemic. Last defines an epidemic as
the “occurrence in a community or region of cases of
an illness… [or] health-related behavior or…event
clearly in excess of normal expectancy.19p54 A single
case of an extremely rare or exotic disease, such as
botulism poisoning, pulmonary anthrax, or Ebola in-
fection, also constitutes an epidemic (and may indi-
cate a biological terrorist event). To determine the
usual level of disease occurrence, investigators must
examine available historical data, such as medical
records, clinic logs, and laboratory logs. Personally
visiting sites such as the records department or the
laboratory may lead to other useful data sources (eg,
culture logs by body site of specimen source). Site vis-
its will also provide a better understanding of the type
and quality of the data available. To conclude that the
current level of disease is excessive, investigators must
first define the event and then compare the current
rate with that of the past. Comparing the routine
surveillance rates for skin disorder consultations for
British troops in Bosnia disproved media reports of a
serious outbreak.20 The significance of possible
differences can be depicted graphically and assessed
statistically by testing differences of proportions or
calculating confidence intervals.

The limitations of the data or the data source af-
fect the interpretation of the data. The ideal or pre-
ferred morbidity measures for disease ascertain-
ment should also be identified. The profound
changes in the practice of medicine precipitated by
the managed care movement make comparisons
with historical rates problematic. Changes in access
to care, referral patterns, test-ordering practices,
hospitalization decisions, utilization management
mandates, and other health management proce-
dures can all affect the apparent incidence of dis-
ease.21 These changes in practice patterns decrease

the utility of historical data, such as hospitalization
rates, for assessing secular trends and identifying
outbreaks. Investigators must judiciously determine
if the epidemic is real or artifactual after assessing
the situation, data sources, and practice patterns.

Pseudoepidemics can also occur because of false-
positive results of laboratory tests or from changes
in personnel or administrative processes affecting
the sensitivity of diagnosis. In the 1980s, an appar-
ent outbreak of skin cancer occurred at Letterman
Army Medical Center, as determined by inpatient
admission statistics. However, it was an adminis-
trative policy change directing that all patients with
skin cancer be admitted for biopsy and excision that
led to this artifactual epidemic (Kadlec RK. Walter
Reed Army Institute of Research, 1989. Unpublished
data). Specimen contamination in the microbiology
laboratory has also been implicated in a number of
“clusters” of multidrug-resistant tuberculosis.
Newer techniques of molecular biology, such as
pulsed-field gel electrophoresis (PFGE), may be
used to detect these pseudo-outbreaks and document
their extent and resolution.22,23 The risk also exists
of cross contamination in the molecular laboratory
from contamination of polymerase chain reaction
assays. The most serious dangers are contamination
of specimens with postamplification products from
previous analyses or contamination of negative spec-
imens with controls or positive specimens.24 Empha-
sis on new and expanded surveillance programs for
emerging infectious diseases has already been dem-
onstrated to increase the potential for identifying
pseudo-outbreaks, as occurred with cyclosporiasis
in Florida and cryptosporidiosis in New York.25 It
is advisable to get confirmation by an appropriate
reference laboratory early in any investigation of
apparent clusters of emerging pathogens (see chap-
ter 34, Laboratory Support for Infectious Disease
Investigations in the Field).
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ORGANIZE A MULTIDISCIPLINARY INVESTIGATIVE TEAM

After the initial assessment has verified the di-
agnosis (or at least delineated the problem) and veri-
fied the existence of an epidemic, a multidisciplinary
investigative team should be organized. The team
may be organized from the staff available locally
or may be a consultant team of experts invited to
travel to the location of the epidemic. The follow-
ing guidance can be applied to either a small local
group of public health workers or to a large, expe-
rienced consultant team.

Composition of the Team

The optimal composition of the team by type of
expertise is key. Epidemiologists do not work alone,
and cooperation between disciplines is essential to
the success of the investigation. Physicians and
nurses trained in preventive medicine need the ex-
pertise of statisticians and scientists in sanitary en-
gineering, environmental science, industrial hy-
giene, health physics, entomology, microbiology, or
toxicology, as the situation dictates. Clinical exper-
tise in such areas as infectious diseases and neurol-
ogy may be added, depending on the problem being
investigated. Veterinary public health experts are
critical to any investigation of possible foodborne
disease outbreaks or zoonotic outbreaks. Appropri-
ate laboratory expertise must be present from the
outset to ensure the correct specimens are obtained
and properly processed and that appropriate diag-
nostic testing is used. New techniques in molecu-
lar biology may be incorporated into the laboratory
investigation, often at an off-site reference labora-
tory. Addition of someone with medical informatics
expertise will facilitate the proper planning for data
entry, computer programming, and automated
analysis of investigation results. Software packages
designed for outbreak investigation (eg, Epi Info,
CDC, Atlanta, Ga) may expedite data management
and analysis. Frequently, the programming and
analysis phase of the investigation will continue
long after the field portion is completed. Logistic
or supply experts may be needed for large, compli-
cated operations, especially those conducted outside
the United States. A public affairs representative or
a media spokesman should be identified and made
an integral part of the investigation team. For teams
of outside experts, assignment of a key local staff
member to be a liaison with the investigation team
should help ensure command access and support.

The team leader, who is responsible for organiz-
ing and conducting the investigation, should be

specified. The nature of the problem, the complex-
ity and sensitivity of the situation, and the exper-
tise, experience, and availability of potential lead-
ers will determine who is given this responsibility.
An additional senior person with experience in
outbreak investigation may be identified to serve
as an off-site consultant to the operation. The team
leader should report daily to this consultant, and
the consultant can help update other consultants,
agencies, and commands outside of the local juris-
diction. This will decrease demands on the time of
the team leader. The senior consultant is also vital
to obtaining any additional support (eg, personnel,
equipment, supplies, references) required for the
investigation, but this should not occur indepen-
dently of the normal chain of command.

Logistical Plans and Management

The supplies needed by both local and outside
investigative teams are similar, but logistical sup-
port planning is more complicated for a nonlocal
team. This section will discuss some of the logisti-
cal issues that outside teams face. Documents re-
quired in preparation for team travel may include
government orders, country clearances, passports,
international driver ’s licenses, immunization
records, powers of attorney, credit cards, and prop-
erty passes. Specific arrangements must be made
for transportation of equipment and personnel on-
site and lodging of the team. Members of the group
may need additional immunizations and chemopro-
phylactic medicines, as well as supplies of their
personal medications. Diagnostic, laboratory, and
automation equipment are usually essential. Sup-
plies for human specimen collection and environ-
mental specimen collection may be available locally;
if they are not, they must be brought in by the team.
Published references that discuss collection of labo-
ratory specimens in specific types of outbreaks
should be consulted.26 Questionnaires, blank ros-
ters, preprinted labels, key phone numbers, cellu-
lar telephones, beepers, laptop computers, software
programs, scanners, portable photocopy machines,
digital cameras, and any other relevant specialized
equipment should be included. Statistical references
and disease-specific reference material are also im-
portant. Exhibit 32-2 lists a basic supply package
designed for the Army’s Problem Definition and
Assessment team, which must be able to deploy to
the site of a public health crisis within 24 hours.
The supply chain to be used for any future require-
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EXHIBIT 32-2

CONTENTS OF PROBLEM DEFINITION AND ASSESSMENT TEAM KIT

Bag No. 1: Medical Equipment

Stethoscope, sphygnomanometer, otoscope/
ophthalmoscope (1 each)

Extra bulbs for otoscope/ophthalmoscope

Extra batteries for othoscope/ophthalmoscope (4
large)

Tongue depressors (50)

Tempa dots (box of 100)

Penlight (1)

McArthur microscope and attachments (1)

McArthur microscope instructions (1 set)

Extra batteries for McArthur, size AA (8)

Microscope slides, frosted end (300)

Cover slips for slides (300)

Immersion oil, 1 bottle

Lens paper

Slide holding box (2)

Calculator, solar powered and case (1)

Bag No. 2: Blood or Stool Specimen Collection
Supplies

Vacutainers, 13 cc red top with silicone separator
(100)

Vacutainers, 7 cc green top (50)

Vacutainer holders and tourniquets (6 each)

Multidraw vacutainer needles, 20 g (125)

Syringes, 20 cc (5) and hub needles, 21 g (10)

Alcohol swabs and 2x2s (200 each)

Band-Aids (100)

Plastic Serum transport vials, 5cc (200)

White labels, silk-type, marked PDA (200)

Labels, silk-type, marked PDA (200)

Polyethylene specimen bags, ziplock type (25)

Perma markers for labeling specimens and plastic
vials (6)

Stool cups, carton-type (20)

Sterile urine cups, plastic-type (20)

Culturette, throat swabs (20)

Biohazard bags (10)

Gloves, 7 1/2” & 8 1/2" (10 each)

Ammonia inhalant capsules (10)

Parafilm sealant paper (1 roll)

Filter paper for PCR of blood samples

Sharps disposal boxes

Centrifuge

Transfer pipettes

Freezer boxes

Boxes to store and ship plastic vials

Bag No. 3: Bacteriology and Parasitology Supplies

Cary-Blair media in REMEL plastic tubes (50)

Buffered glycerol saline in REMEL plastic tubes (50)

PVA fixative in REMEL plastic tubes (50)

3 cc syringe with 24 g (or 25 g) needle for leish
aspiration (25)

Blades, scalpel type for scraping of lesions

NNN culture media in slants (20)

Schneider’s media in slants (20)

Gram stain kit (1)

CAMCO giemsa quick stain (1 bottle)

Diff quick stain set (1)

Methylene blue stain (1 box of squeeze type)

Stain jars (3), forceps (1) and paper towels (1 small
roll)

Distilled water, 100 cc (1 bottle)

Sterile saline, 5 cc (10 glass vials) for leish aspira-
tion (without Na Azide)

Normal saline in dropper bottle (1)

Methanol, 100 cc (1 bottle)

Plastic squeeze type bottles for use in washing
slides, 100 cc (2)

Na Azide, 15%, preservative for serum preservation
(1 bottle)

One set of Gram stain and Diff quick staining
instructions

One set of REMEL kit instructions

One set of leishmania aspirate/smear instructions

Bag No. 4: Forms and Administrative Supplies

Rubber bands (1 bag)

Notebook and notepad (1 each)

Pencils, sharpened (20)

Questionnaires, postdeployment type (400)

Questionnaires, febrile illness type (100)

Clinical flow chart and lab sheets (20 each)

Medical surveillance report forms, two-sided (200)

Daily and weekly medical surveillance summary
forms (200 daily, 50 weekly)

Medical surveillance instruction sheets (50)

PDA team booklet (1 copy)

Laptop Computer (1) with Case

Portable printer (1) with printer paper
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ments should be determined. Local administrative
support for generating rosters, typing, photocopy-
ing, or just answering the phone should be re-
quested before the team arrives. The local laboratory
should be consulted about the team’s need for work
space, laboratory space, centrifuges, freezer space
for specimens, dry ice, liquid nitrogen, and ship-
ping assistance. Any local staff support needed for
key tasks such as venipuncture and aliquotting
should also be discussed. The extent of local sup-
port available may affect the size and composition
of the team and the need for off-site laboratory sup-
port. The team leader should determine which refer-
ence laboratory will be used for more sophisticated
requirements.

Leadership and management skills are key to the
success of the scientific investigation. It is critical
for the team leader and team members to conduct
the investigation in a calm, methodical manner even
though decisions may need to be made quickly and
actions taken promptly. Team members must resist
the impulse to jump to premature conclusions in
response to the intense pressure to solve the prob-
lem immediately. The possibility of a second wave
of cases should be kept in mind before the team
quickly declares the outbreak over. If new cases do
continue to occur, the pressure on the team to find
the cause and end the outbreak will dramatically
increase. Departure dates should not be set until it
becomes apparent how both the epidemic and the
investigation will unfold.

The leader must assign areas of responsibility to
team members in accordance with their expertise
and identify locations for work space. A list of
phone numbers and beeper numbers for team mem-
bers and work sites should be established and ex-
changed. A time and location for team meetings
should be determined. These should be held at least
daily and probably twice daily initially. The lead-
ers should make a task list with assignments for
follow-up and track status reports at subsequent
meetings. All decisions made at these meetings,
such as case definitions to be used or source and
type of controls needed, should be recorded.

The investigation should be organized both with
the big picture in mind and with very close attention
to the details—the details may provide important
ideas. It is also essential to be tactful when obtaining
detailed information because the existence of an epi-
demic is a source of potential embarrassment. Some
epidemics will have major economic and political
ramifications. Careful judgement about the release of
preliminary results is thus vital. Diplomacy will be
needed to establish and maintain cooperation from
the many groups within the community.

A local staff member must be put in charge of
media relations and determine what information
has already been given to the press. The team leader
should not be the spokesperson. The public affairs
director should attend team meetings and ensure
all press releases are cleared by the team leader and
local command authorities. Likewise all news re-
leases and statements to the press should be given
to each member of the investigative team. Only
objective, factual information should be released;
the release of preliminary information should be
avoided. The rationale for any emergency control
measures should be explained. Some situations may
warrant setting up an emergency hot line to answer
questions. Hot line operator staff must be trained
to provide consistent information to all callers.

The military chain of command and the respon-
sible public health authorities do not change when
an outbreak occurs. Authority to ban food sources
and to close dining facilities, swimming pools, oper-
ating rooms, and other such facilities remains with
the local commander acting on the guidance of the
local preventive medicine officer. The investigation
team serves as a consultant and makes recommen-
dations to the local commander. Investigation team
members are subordinate to the designated team
leader. Local preventive medicine staff should be
integrated functionally with the investigation team
to conduct the investigation. The team leader
should have an initial in-briefing with the local com-
mander, provide interim updates as the situation
dictates, and provide an out-briefing before the
team leaves.

IDENTIFY DISEASE CONTROL MEASURES

When feasible, disease control measures should
be implemented immediately after determining the
nature of the problem and that an epidemic is on-
going. The initial control measures are intended to
keep the outbreak from spreading and to limit its
impact on the population. Examples of control mea-
sures prescribed to individual susceptible persons

at risk would include the use of immune globulin
during hepatitis A outbreaks, use of rifampin as
chemoprophylaxis for meningococcal meningitis,
use of penicillin to prevent streptococcal disease,
and initiation of case isolation or contact notifica-
tion. Examples of general control measures include
reinforcing handwashing recommendations and
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changing food preparation processes. In some situa-
tions, seizing raw materials (eg, drugs, food), closing
an establishment (eg, restaurant, pool), or issuing
an advisory to boil water may be warranted. Envi-
ronmental interventions, such as mosquito or rodent
control, may also be indicated. Control measures
should be tailored to the situation and may be as
simple as restricting movements of the population
at risk or temporarily discontinuing new trainee
arrivals, as was required by varicella outbreaks in
at the Defense Language Institute at Lackland Air

Force Base in San Antonio, Tex.27 Implementation of
control measures will often require coordination
with other agencies, such as major commands, civil-
ian health departments, or the Food and Drug Ad-
ministration (to hold or recall commercial items). The
effectiveness of any disease control measures imple-
mented by local health authorities or recommended
by the investigation team will need to be evaluated
as the investigation proceeds. Control measures
should then be added or the existing ones altered, as
indicated by the evaluation.

DESCRIBE THE OUTBREAK BY PERSON, TIME, AND PLACE

Studying the distribution of the disease or condi-
tion in the affected population begins with a detailed
description of the outbreak in terms of person, time,
and place. Hippocrates was among the first to note
the importance of this triad in his paper Air, Wa-
ters, Places.28

Orient the Outbreak to Person

The first task is to identify the population at risk.
This is done by characterizing the population mem-
bers by age, race, sex, occupation, military unit, or
other demographic grouping. If the outbreak ap-
pears to be associated with a special event, rosters
of attendees must be obtained from the event orga-
nizers. Within this population, the nature of the risk
may be seen in the presumed intensity of exposure.
The likelihood of transmission should be consid-
ered both within and beyond this population. Not-
ing who has been spared often provides important
clues for formulating a hypothesis on the cause of
the outbreak. Factors affecting the population at risk
to be considered include the extent of migration into
and out of the group.

Subjects for evaluation must be selected from
within the population at risk. These should include
both cases of the disease under investigation and
controls or persons with no symptoms of disease.
Both cases and controls should have had the op-
portunity for exposure to suspected risk factors.
Controls should also be susceptible to the condi-
tion of interest. The team must decide if it will study
all of the targeted population or just a particular
subset or sample. A method will have to be decided
on to choose an appropriate sample, depending on
the circumstances of the outbreak and the popula-
tion (see chapter 33, Epidemiologic Measurement:
Basic Concepts and Methods). Alternatively, inves-
tigators could select one or more matched or un-
matched controls for each case.

Although it is not the job of the team to provide
clinical care for cases, it is of the utmost importance
for clinician team members to conduct a personal
interview and evaluation of at least a few cases in
the early phase of the investigation. This will assist
in verifying the diagnosis and in subsequent plan-
ning of specific objectives for data collection and
analysis. Team members should ask those being
interviewed what they think caused the outbreak,
since they may have surprising insight and will fre-
quently provide additional, pertinent information.

Attack rates of disease in the population at risk
should be estimated based on the interview data
from cases, providers, and others. Rates of disease
by substrata are also very useful. Investigators
should always examine attack rates by militarily
relevant groupings, such as unit, barracks, training
site, military job specialty, and rank (eg, officer ver-
sus enlisted). In foodborne outbreaks, attack rates
for those who did and did not eat specific food items
will be used for formal hypothesis testing.

Orient the Outbreak in Time

Viewing graphic displays of epidemic curves or
flow charts may yield important conclusions about
the outbreak, such as whether it is a common source
event or whether transmission is ongoing. Corre-
lating both time and place on spot maps can show
secular trends of waves of illness moving across a
community. The epidemic curve should be plotted
using a histogram to quantify the number of cases;
this will graphically display the outbreak. Cases
meeting the previously determined case definition
are plotted by date of symptom onset, with the X
axis depicting time and the Y axis showing number
of cases. The first case recognized is sometimes re-
ferred to as the index case if this case is thought to
have introduced the organism into the population.
From this curve, the incubation period of known
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diseases can be used to determine a range estimate
for the time of exposure. Alternatively, the incuba-
tion period of an unidentified disease may be cal-
culated from the time of symptom onset and a time
of known probable exposure from a unit event.
Other important characteristics of cases can be an-
notated on a histogram of the epidemic curve by
designating specific symbol notations to indicate
cases who are asymptomatic, work as food han-
dlers, have positive cultures, or have died. Arrows
may be used to note on the graph the arrival of the
investigation team and the application of any con-
trol measures. A frequency polygon is sometimes
used instead of a histogram to depict distribution
of data from two or more categories.

Investigators must assess evidence for transmis-
sion patterns from the time distribution of cases.
Certain patterns indicate a specific type or mode of
transmission. Figure 32-1 depicts a common source
outbreak of Shigella dysenteriae infection among
hospital staff members.29 Common source epidem-
ics occur when a population is exposed to a patho-

gen spread by a vehicle such as food or water at a
single event or within a short period of time. Cases
occur rapidly after the first onset, reach a peak, and
then decline because of the relative uniformity of
the incubation period. The rapid rise with a tight
temporal clustering of cases and subsequent fall of
the epidemic curve is compatible with a point
source. The epidemic curve of a common source
epidemic follows a log-normal distribution. The
median incubation period for a common-source,
single-event epidemic can be determined by find-
ing on the histogram the time at which 50% of the
cases have occurred. The approximate time of in-
fection can be determined by subtracting the aver-
age incubation period in hours or days from the
time at which the median case is located on the epi-
demic curve.

In some outbreaks, the common source may con-
tinually or intermittently expose the population,
resulting in an epidemic curve from multiple expo-
sures at different times. The distribution of cases
will continue over a protracted period of time, and
interpreting the curve will be more complex. These
outbreaks may be referred to as a common-source,
multiple-event epidemic. Epidemics resulting from
person-to-person transmission will be reflected in
an epidemic extended over a number of incubation
periods. The curve will show a clustering of cases
but with a relatively gentle upslope, and, after sev-
eral generations of cases, an eventual decline in
cases will occur. Figure 32-2 depicts a person-to-
person outbreak of respiratory disease at Fort
Leonard Wood, Mo, with seasonal variation and the
effect of bicillin applied as a control measure.30 An
epidemic curve can have a mixed pattern if the ini-
tial transmission occurs via exposure to a common
source but subsequent transmission is person-to-
person.

Creating flow charts is useful to trace a chain of
infection associated with the cases. Concentrating
on the earliest cases may help pinpoint the precipi-
tating event. Determining who the earliest cases
were may help explain how the disease was intro-
duced into the setting. Also, evaluation of unusual
or atypical cases may provide additional clues. But
investigators must beware of red herrings. In the
shigella outbreak depicted in Figure 32-1, a hospi-
tal staff dining facility was implicated as the source.
However, case ascertainment identified one culture-
positive case with the same uncommon strain who
had no exposure to the staff facility but had eaten
at a small cafe in the same institution. No other cases
were traced to that cafe. On additional questioning,
the cafe staff remembered borrowing lettuce and
tomatoes at the end of the day from the implicated

Figure 32-1.  This is a graph showing the cases of hospi-
tal-associated infection with Shigella dysenteriae by date
of onset and culture result.  (Four cases with unknown
date of onset have been excluded.)  These cases occurred
in the Bethesda Naval Hospital, Maryland.  No index case
was identified.  Five food handlers with illnesses meet-
ing the case definition had onset of symptoms concur-
rent with other cases.
Source: Centers for Disease Control.  Hospital-associated
outbreak of Shigella dysenteriae type 2—Maryland.
MMWR. 1983;32:250–252.
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dining facility. Further analyses implicated salad
served at the dining facility as the vehicle of trans-
mission. Exhibit 32-3 lists possible reasons for ex-
posed persons not becoming ill and for nonexposed
persons who appear ill.31

Evidence must be assessed for chronological dis-
tribution of disease. Recurrent cycles of epidemics
allow investigators to calculate the generation time.
Seasonality may affect rates of certain diseases such
as influenza. Investigators must be careful interpret-
ing secular trends, however, because small numbers
may affect data analysis. Disease rates character-
ized by time may also vary with the provider’s en-

thusiasm or the resources available to help detect
and report disease. Changes in personnel, clinical
practices, reporting procedures, data collection
forms, or case definitions may all alter the appar-
ent rates of disease.

Orient the Outbreak to Place

The pattern of disease should be described by
determining the location of quarters, work, and rec-
reation and noting geographic distribution of cases by
creating a spot map. The dimension of time can be added
to place with the use of colored pins. Biological,
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Source: Centers for Disease Control.  Acute rheumatic fever among Army trainees—Fort Leonard Wood, Missouri,
1987–1988.  MMWR.  1988;37:519–522.
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chemical, physical, or climatic factors affecting the
environment should be included. Geographic infor-
mation software may help plot space-time charac-
teristics. Preparing and maintaining an outbreak
investigation kit with supply items routinely
needed for most environmental investigations will
assist investigators in performing timely on-site
evaluations.

Investigators should consider case clustering by
source of food, water, milk, ice, or shellfish. If
foodborne disease is under consideration, an on-
site inspection of all facilities potentially associated
with the outbreak is appropriate. Any problems in
air quality, food sanitation, water sanitation, or hy-
giene practices should be identified. Utensils,
equipment, filters, and surfaces used in preparing
the food or other suspect vectors should be cultured.
Leftover foods should be set aside for possible labo-
ratory analysis.32 Water should also be considered
as a possible etiologic agent at the outset. Too often
water and ice are only considered as a potential
source of contamination after food has been ruled
out as the cause. The time factor is crucial to ensure
rapid collection and culture of food, water, ice, and
other environmental samples before food or ice
have been consumed or thrown away or water lines
have been superchlorinated. In a large outbreak of

campylobacteriosis in 1990 at Fort Knox, Ky, the
investigation team hypothesized that sludge and
dead birds found in a water storage tower were as-
sociated with infection. The tank was disinfected
and refilled before culturing of the suspect water
and sludge could be accomplished.33 Investigators
always look for inadequate health practices, such
as improper handwashing or food handling prac-
tices and recent procedure changes; the adequacy
of training and supervision of workers should also
be evaluated. Microbiological or chemical contami-
nation can occur at numerous points, and investi-
gators may need to examine multiple sequences of
events or look for a unique order of events to find
the cause. Correlation of time and temperature at
each stage of food processing should help identify
the critical point.

Samples of water should be collected directly
from the source, from storage tanks, and from high
and low points of the distribution system, in accor-
dance with standard methods.34 Characteristics to
be measured include temperature; pH; turbidity;
and free, combined, and total residual chlorine.
Bacterial examinations for potable water should
include total organisms of the coliform group, in-
dicative of fecal contamination, and a standard plate
count (heterotrophic plate count) because large bac-
terial populations may suppress the growth of
coliforms. Turbid waters may contain particles with
embedded bacteria protected from contact with
chlorine. This may also contribute to coliform mask-
ing. The absence of coliforms does not ensure the
absence of viruses, protozoa, or helminths, which
may be more resistant to chlorine treatment than
fecal bacteria. Norwalk virus and the related small
round structured viruses, which are very resistant
to chlorine, are a major cause of acute nonbacterial
gastroenteritis in adults.35 Protozoa such as Giardia
lamblia, Entamoeba histolytica, and Cryptosporidium
species have also been implicated in waterborne
outbreaks.36 Plumbing cross connections between
potable water and contaminated water, loss of posi-
tive line pressure, line breaks, and line repairs may
allow bacterial contamination. Spot maps of water
distribution lines and points may provide insight
on potential areas for contamination.

The on-site inspection is vital to the environmen-
tal evaluation of any outbreak associated with a
military field setting. A broad knowledge of mili-
tary food technology and field water supply options
is essential for preventive medicine staff. Investi-
gators must carefully identify all local sources of
food and all types of rations served in the field: A,
B, T, or Meals Ready to Eat (MREs). Food purchased
from the local market in foreign countries may re-

EXHIBIT 32-3

POSSIBLE EXPLANATIONS
FOR INACCURATE MEASURES
OF ASSOCIATION

Endemic background cases

Errors in case definition

Individual susceptibility and immune status

Exposure to insufficient dose and inoculum

Cross contamination between potential vehicles

Exposure to vehicle contaminated in another way

Misclassification of exposures

Technical errors

Untruthful or inaccurate responses

Secondary person-to-person transmission

Adapted with permission from Guidelines for the Estab-
lishment of Systems for the Epidemiological Surveillance of
Food-borne Diseases and the Investigation of Outbreaks of Food
Poisoning. Pan American Health Organization. Division
of Communicable Diseases Prevention and Control. 1993.
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quire specific washing and disinfection before con-
sumption. MREs, a foil-wrapped ration packaged
in a laminate pouch, have been the main operational
ration used by the Department of Defense since they
replaced the C-ration in 1983. Although MREs have
been found to be extremely safe, contamination
could occur at the manufacturing and processing
plants or if a break in package integrity occurs. In-
vestigators must determine the lot number, storage
temperature, and transport history for all meals
consumed in the field. The time of storage should
be evaluated in relation to safety recommendations.
An outbreak of disease caused by Staphylococcus
aureus in a reserve unit, which was caused by ham
that had been stored for more than 4 hours in
mermite transport containers, is a typical example
(JNL, unpublished data, 1993). Investigators must
obtain samples from all points of the field water
distribution system: the supply pipe line, water
trailers, water buffaloes, and individual canteens.
They must also document in detail the exact decon-
tamination, disinfection, and chlorination proce-
dures used for the water. Then they must assess the
availability of soaps, brushes, and handwashing
sites for personal hygiene. It is also critical to re-
view trash management and waste disposal prac-
tices and note any unusual aspects of the location
altitude and topography. The distance should be
measured between field kitchens, water sources,
sanitation centers, laundry lines, soakage pits, and
garbage pits.

Depending on the outcome of the environmental
evaluation, additional clinical specimens may be
required for testing, for ova and parasite examina-
tions, or for heavy metals or toxin analysis. Environ-
mental samples must be obtained, transported, and
labeled properly. If airborne transmission is of con-
cern, measurement of ventilation rates, adequacy
of fresh make up air, and space per occupant should
be considered. Air tracer studies with smoke or oil
of wintergreen may be useful. Presence of fungal

growth could be significant. The limitations of en-
vironmental testing methods by sensitivity and
specificity, as well as reliability, need to be noted.

An interview and clinical evaluation of workers
is frequently a key part of the environmental evalu-
ation of foodborne or waterborne outbreaks, noso-
comial epidemics, or other occupational cluster
outbreaks. Food handlers, health care staff, or other
workers may be case victims as well as vectors.
History of recent illnesses with symptoms compa-
rable to the outbreak cases should be carefully ob-
tained because workers are often the earliest cases
and may or may not be vectors. Investigators should
examine workers for skin lesions on the hands,
arms, face, and neck and evaluate them for infec-
tion of the respiratory or gastrointestinal tract. Ap-
propriate laboratory specimens, as determined by
the presumptive diagnosis, should be obtained from
the nasopharynx, throat, hands, or rectum of work-
ers. Interviews should determine in detail the chro-
nological handling of the food, ice, medicine, and
other pertinent materials from time of entry until
exit from the facility. Food handlers should also be
queried concerning their consumption of food and
drink.

Team members must identify any potentially
critical events occurring in the environment before
and during the outbreak. Examples include picnics,
parties, sewage spills, field training exercises, con-
struction, floods and heavy rains, and by-passes of
the water filtration system. Obtaining detailed in-
formation on seemingly irrelevant details, such as
recent replacement of pipes in sewage lines or pres-
sure changes due to testing of boilers, may provide
the crucial details for unraveling the mechanism of
transmission. Six years of drought followed by un-
usually heavy rains and snows in the spring of 1993
are thought to have contributed to an abundant food
supply for the deer-mouse that was ultimately
linked to the recognition of hantavirus pulmonary
syndrome in North America.37

IDENTIFY RISK FACTORS AND MECHANISMS

Frequency Measures and Severity Assessment

After completion of initial assessments, a few
cases can be described clinically, incorporating
quantitative details obtained by interviewers char-
acterizing symptoms. Organizing frequency of signs
and symptoms by percentage of cases may help
clarify the disease causing the outbreak. The clini-
cal picture, laboratory results, or estimate of the
incubation period from the epidemic curve should
help to identify the disease. See Tables 32-1 through

32-3 for a chart of etiological agents in foodborne
diseases with their known incubation periods and
their associated clinical syndromes. Diagnosis of the
disease, number of symptomatic cases, and laboratory
results help investigators estimate the symptomatic-
to-asymptomatic ratio. Even asymptomatic cases
are relevant because they help accurately discriminate
cases from susceptible noncases, thus assisting in
the rapid development of a tentative hypothesis.
Epidemiologists use morbidity measures, such as inci-
dence, prevalence, and attack rates, to quantitatively
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describe disease or injury among a population. At-
tack rates by sex, military unit, residence, or other
factors may provide helpful clues. Ideally all mem-
bers of a denominator should be eligible to enter
the numerator in a rate calculation. For example,
only persons susceptible to hepatitis A should be
in the denominator of a hepatitis A attack rate. The
investigators must calculate secondary attack rates
in unit members, family members, or contacts of ill
service members who had no exposure to the pre-
sumed primary event or source. Attack rates by his-
tory of food and drink consumption play a key role
in the investigation of foodborne and waterborne
outbreaks.

Severity can be assessed by calculating the days lost
from training, work, or duty as disability days or
by the duration of hospitalization. In severe disease
or injury clusters, case fatality rates and mortality
rates will also be used and should be compared with
those in the literature for the specified condition.
In all rates, the definition of a case and the limita-
tions of the data source must be specified. This is
especially critical when using medical records to
identify quantitative measures.

Epidemiologic Measures of Risk

To establish risk factors, a variety of epidemiologic
measures of risk are available. Either chi-square or
Fisher’s exact test is used to test the association
between categorical variables. Relative risk calcu-
lated for a cohort is the critical measure for assess-
ing the etiological role of a factor in a disease. The
relative risk reflects the excess risk in the exposed

group when compared with the unexposed group.
The risk or attack rate in an acute outbreak setting
in the exposed group is divided by the risk or at-
tack rate in the unexposed group. Case-control stud-
ies are often used in outbreak investigations as a
means to identify significant risk factors. For case-
control studies, the excess risk cannot be measured
directly because the exact denominator population
(needed to calculate attack rates) is not known. The
odds ratio is the most commonly used measure of
risk for case-control studies. The odds ratio calcu-
lated from a standard 2 x 2 table is ad/bc and from
a matched case-control study is b/c. Fisher’s exact test
is used when any of the expected values for a 2 x 2
contingency table is less than five.38 Chi-square or
Fisher’s exact test can be used to assess the signifi-
cance of observed effects against the null hypothesis.
Confidence intervals can also be calculated for rela-
tive risk or odds ratios to determine if the measure
includes or excludes 1.0.

Attributable risk examines the contribution of an
exposure to the frequency of a disease in a popula-
tion. In an epidemic, it is expected that most of the
cases become ill because of an exposure to the im-
puted risk factor. The population attributable risk
percentage represents the proportion of disease in
a population attributable to an exposure. It reflects
both the relative risk and the frequency of the fac-
tor in the population. It can be calculated by sub-
tracting the risk in the unexposed from the risk in
the exposed and then dividing by the risk in the
exposed. This fraction, called the etiologic fraction,
would then be multiplied by 100 and reported as a
percentage.

DEVELOP TENTATIVE HYPOTHESES AND A PLAN

The information gathered to this point by the
investigation team should be sufficient to allow
them to formulate a tentative hypothesis and fur-
ther refine the investigation plan.

Determine Type of Outbreak and Critical Exposure

The type of outbreak—point or continuing com-
mon source, person-to-person propagation, or
mixed—should be evident from the epidemic curve.
Initial case interviews and the environmental inves-
tigation may have identified a presumed critical
exposure at an event or from a particular source.
Synthesizing facts on the epidemiology and clini-
cal characteristics of a disease, host factors, role of
vectors, and importance of reservoirs should lead
to a presumed mechanism of transmission. A ten-
tative theory (or theories) that explains the observed

pattern of disease in a given environmental situa-
tion should have surfaced. Initially several broad
hypotheses may be under consideration.

Hypothesize About Mechanism of Transmission

The complexity of our global community will
make identification of risk factors and mechanisms
of transmission extremely difficult. The shifting
epidemiology of foodborne diseases in the United
States during recent years caused by changes in
food production and distribution methods warrants
additional discussion.39 The traceback of an Escheri-
chia coli O157H outbreak implicating meat is an ex-
ample. The traceback might take investigators from
a dining facility to a distribution center to a meat
processing plant to a boning and packaging plant
to a slaughter plant to feed lot auctions to individual
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ranchers.40 Along the way, meats from multiple
sources are mixed, and contamination could occur
at many points in this complex chain. The largest
(224,000 cases) common-vehicle outbreak of salmo-
nellosis ever recognized in the United States impli-
cated a nationally distributed brand of ice cream
by a company that provided home delivery. Investi-
gators found that cross-contamination of pasteurized
ice cream premix occurred during transport in tanker
trailers that had previously hauled nonpasteurized
liquid eggs containing Salmonella enteritidis.41 Exten-
sive tracebacks to identify the source of a pathogen
are most useful when the implicated vehicle is ei-
ther novel or has a long shelf life. The increase in
foreign travel and the internationalization of the
market for food supplies and other commerce also
vastly complicates investigations.42 Implicated in a
1997 outbreak of hepatitis A were contaminated
strawberries imported from Mexico that were dis-
tributed to at least six states.43 Military investiga-
tors must be prepared to deal with multinational
outbreaks and should not be surprised to identify
novel vehicles, new mechanisms, or an unusual
chain of events contributing to the occurrence of
outbreaks.

The possibility of sabotage or purposeful con-
tamination should always be considered. A single
act of terrorism that contaminates a water supply

can place an entire force at risk. Identification of
unusual diseases or rare strains may be the first in-
dication of an unnatural event. A gastroenteritis
outbreak of Shigella dysenteriae type 2, which is rare
in the United States, occurred in 1996 following the
removal of a stock culture of the organism from a
medical center’s laboratory. Health care workers at
the medical center became ill after eating food that
had been maliciously contaminated.44 If the terror-
ists do not make demands or claim responsibility,
as was the case in this outbreak, it may be extremely
difficult to recognize that the contamination of food
or water did not occur naturally. Another example
of sabotage that was initially unrecognized was the
largest foodborne outbreak reported in the United
States in 1984.45 Evidence obtained in an indepen-
dent criminal investigation was essential to deter-
mining that members of a religious commune had
intentionally contaminated restaurant salad bars
with Salmonella typhimurium. Good laboratory work
helped demonstrate that the Salmonella type was
one found in a reference type collection rather than
a strain more typically found in general circulation.
This outbreak also demonstrates the vulnerability
of self service foods to intentional contamination.
Although recognition of an outbreak caused by a
biological warfare attack can be quite challenging,
a number of indicators listed in Exhibit 32-4 should

EXHIBIT 32-4

INDICATIONS OF POSSIBLE BIOLOGICAL WARFARE ATTACK

A disease entity (sometimes even a single case) that is unusual or that does not occur naturally in a given
geographic area, or combinations of unusual disease entities in the same patient population

Multiple disease entities in the same patients, indicating that mixed agents have been used in the attack

Large numbers of both military and civilian casualties when such populations inhabit the same area

Data suggesting a massive point-source outbreak

Apparent aerosol route of infection

High morbidity and mortality relative to the number of personnel at risk

Illness limited to fairly localized or circumscribed geographical areas

Low attack rates in personnel who work in areas with filtered air supplies or closed ventilation systems

Sentinel dead animals of multiple species

Absence of competent natural vector in the area of outbreak (for a biological agent that is vector-borne in
nature)

Source: Wiener SL, Barratt J. Biological warfare defense. In: Trauma Management for Civilian and Military Physicians. Phila-
delphia: WB Saunders; 1986.
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suggest the possibility.46 The disease pattern is an
important factor in differentiating between a natu-
rally occurring outbreak and a terrorist attack.47

Terrorist objectives may include inducing a large
number of cases, so health care workers may see
many cases presenting simultaneously. This com-
pressed epidemic curve with a very high case-to-
exposure rate contrasts with the more gradual rise
in disease incidence expected in most naturally oc-
curring epidemics. Animals may also be affected by
biological or chemical warfare attacks. Disease may
appear in unexpected geographic areas that lack the
normal vector for transmission. Unusual clinical
presentations may occur because of a combination
of agents or altered routes of transmission induced
by the saboteur. The accidental release of aero-
solized anthrax from a Russian biological weapons
facility in 1979 resulted in respiratory instead of
cutaneous disease, and the location of cases fol-
lowed a distinctive downwind pattern from the site
of release.48 Anthrax continues to be considered as
a biological warfare agent. The Aum Shinrikyo cult
members arrested following the sarin attack in a
Tokyo subway were also conducting research on
anthrax and botulinum toxin.12 Drone aircraft
equipped with spray tanks found in the cult’s arse-
nal made the potential for aerosolization of these
agents a real threat. Some terrorist actions may be
recognized only when first responders become sec-
ondary cases from toxic gas exposure. Thirteen of
fifteen emergency room doctors treating victims of
the sarin attack in Japan noted onset of their own
symptoms while they were resuscitating victims.49

Simultaneous outbreaks of multiple agents should
also raise suspicion of biological terrorist etiology.

Identification of risk factors for the formulated
hypothesis should determine the need for more
specialized tests or for outside expert consultation
in the appropriate field, be it medicine, engineer-
ing, entomology, or other fields. The differential
diagnosis should be further narrowed, and the col-
lection of the optimal source and type of specimens
should be started, if not already underway. See
chapter 34 for collection, transport, and processing
considerations. Laboratory and field instruments
must be calibrated. The specific laboratory desig-
nated to support the investigation should be fully
aware of the tentative hypotheses of the team.

Develop Survey Instruments

Investigators should incorporate standard meth-
ods for designing questionnaires used for detailed
risk factor interviews.50 The instrument must

achieve the specific objectives of the investigation.
Items should be simple and unambiguous. Included
should be exposure information and demographic
factors, as well as clinical history and host factors
that may affect risk. Any potentially relevant history,
including such factors as chronic disease, nutrition,
housing conditions, crowding, work locations, job,
stress, pets, source of food, and source of water,
should be obtained. The possibility of exotic house
pets (eg, iguanas, snakes, hedgehogs, ferrets) or
stray animals adopted in the field may be impor-
tant. A site visit and some preliminary interview-
ing in the early designing of the questionnaire will
improve the sensitivity and specificity of the instru-
ment. Leading questions and lengthy surveys
should be avoided. Survey design must take into
account the coding scheme for entering the data into
a database and whether data entry will occur in the
field as it is collected or at a later time. Forms that
can be optically scanned may be useful to facilitate
data entry. Investigators must consider the data
analysis methods planned to accomplish specific
study objectives and construct empty tables for vari-
ables of interest in which data can be inserted after
collection. Validation and quality control checks of
the data should be planned. On-site scanning equip-
ment can help with this. Figure 32-3 is a question-
naire designed by the CDC for use in a foodborne
disease outbreak.

Cases and controls from the population under
study should be interviewed in a consistent fashion
using the survey tools developed. Interviewers
must strive to create a nonthreatening environment
in which those being questioned feel free to share
all possible information without punishment. Initial
questions should be simple and designed to put the
subject at ease. For large, complex, or unusual out-
breaks, interviewers should be trained first in both
interviewing technique and the subject matter under
investigation.51 Time used to pretest the proposed
questionnaire adequately is time well spent because
pretesting can identify unclear or problem ques-
tions. The questionnaire and plans for its adminis-
tration should be revised in accordance with the
results of the pilot testing. As a quality control mea-
sure, each survey should be reviewed for legibility
and completeness as it is returned. The same prin-
ciples of developing forms, training interviewers,
and pretesting forms and procedures apply to the
process of abstracting data from medical records.

Most field outbreak investigations are the “emer-
gencies” of the specialty of preventive medicine.
Thus the time-sensitive investigation of this acute
public health problem is considered operational and
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(Fig.32-3 continues)
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Fig. 32-3. This is an example of a questionnaire developed by the Centers for Disease Control and Prevention to be
used in foodborne disease outbreaks.
Source: Reference: Centers for Disease Control and Prevention. Guidelines for confirmation of bloodborne-disease
outbreaks: appendix A. MMWR. 1996;45(SS-5):56–57.
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does not require a preapproved protocol in most
circumstances. However, human experimental test-
ing consisting of invasive procedures or procedures
having risks greater than that encountered in daily
life would require a research protocol approved by
an Institutional Review Board.52 Investigations using
surveys containing questions on sensitive subjects
(eg, sexual history, drug or alcohol consumption,
illegal activities) also are subject to the federal
policy for protection of human subjects and may
require voluntary informed consent. Title 45 of the
Code of Federal Regulations Part 46 Subpart A-D
establishes Institutional Review Boards as the ap-
proval authority for research conducted by federal
agencies or other institutions conducting research
supported by federal funds. Current military regu-
lations and service clinical investigation consultants
should be consulted to ensure compliance with both
regulatory and ethical standards.

Plan for Administrative and Logistical Consid-
erations

Following the initial in-brief, the investigation team
needs to provide the local chain of command with
regular updates on the progress of the investigation.
A local command liaison should attend all team meet-
ings and can expedite obtaining additional supplies
or other administrative support. This should obviate
the need for daily meetings of the team with the local
commander, who will be kept informed by his or her
liaison. Periodic meetings with the commander can
then occur as dictated by progress in the investiga-
tion. The team leader will determine the specific type
and magnitude of additional help needed based on
the level of expertise available locally. The specific
number of personnel needed by discipline (eg, lab
technician, data entry clerk, nurse interviewers)
should be assessed. Resources can include both mili-
tary and civilian public health officials. The Army has
the Epidemiologic Consultant Service (EPICON), the
US Public Health Service has investigation teams from
the CDC using Epidemic Intelligence Service officers,
and states have various capabilities within state and
local health departments. Reporting of diseases to
military health authorities and to state health depart-
ments as required by law must also not be forgotten.

The team leader must establish clear operational
priorities and then ensure a systematic and orderly
progress of the investigation in all areas: clinical,
laboratory, environmental, and epidemiologic.
Tracking the status and progress of the simultaneous
actions taking place is one of the biggest challenges
for the leader. Logging all decisions and delegating

specific taskings at team meetings are tools the
leader can use to help keep the investigation team
on track. The team cannot afford the time to follow
each phase of the investigation sequentially to
completion before beginning to pursue knowledge in
another area. The purpose of the multidisciplinary
consultant team is to allow each expert to concentrate
on those factors within his or her discipline that may
have contributed to the event under investigation.
Reference materials and experts should be consulted
as new facts emerge. Working as a team adds the
necessary intellectual synergy to the complex inves-
tigation process. At each team meeting, investigators
assimilate new data resulting from the efforts of
their colleagues. The ensuing discussion should
result in productive, thoughtful analysis. But many
decisions will still have to be made with inconclusive
or inadequate data. Laboratory analysis is fre-
quently still incomplete when critical decisions have
to be made. The team leader’s fund of clinical and
epidemiologic knowledge and his or her experience
in making judgement calls in these high-pressure
public health emergencies will be of the utmost
value. The team leader must continually synthesize
new data as they accrue, keep all phases on track,
and direct the future lines of inquiry of the investi-
gation. The team leader should seek advice from
the off-site consultant on a daily basis, but the team
leader on-site must have ultimate decision-making
authority for the team.

Suspicion of a biological warfare attack mandates
additional immediate responses: reporting to local
military police and to the Federal Bureau of Inves-
tigation.47 Rapidity of communicating this suspicion
up the military chain of command is especially criti-
cal in a theater of operation. The Federal Bureau of
Investigation is responsible for crisis management,
which includes actions taken before an incident to
avert it. The Federal Emergency Management
Agency is in charge of consequence management
or actions taken after the incident to mitigate its
effects.53 Department of Defense staff are key play-
ers in both phases of operations precipitated by such
incidents. Because terrorism generates panic in a
population, coordination to establish an emergency
operations center and to enhance security must be one
of the initial steps taken. Ongoing communication
between law enforcement officials and health au-
thorities is critical to the optimal investigation and
management of such incidents. Rapid transport of
specimens to the US Army Research Institute of In-
fectious Diseases, US Navy Medical Research Center,
and the CDC is vital to obtain an accurate, rapid di-
agnosis where biological attack is a consideration.
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Identify Medical Treatment Resources

Field triage sites, outpatient clinics, emergency
rooms, and hospitals that can receive and treat po-
tential cases should be identified and a list of them
provided to the team public affairs officer for dis-
tribution to the media. This will allow the investi-
gation team to focus on conducting the investigation
and making appropriate prevention and control
recommendations. Clinicians should be notified
when to expect cases and briefed on presumed con-
dition, appropriate diagnostic evaluation, treatment
regimens, and any recommended isolation precau-
tions. Education of medical staff may be needed to
update them on rare conditions or to explain occupa-
tional risks and precautions warranted. Guidelines for
transfer or evacuation of patients to the next ech-
elon of care should be established and the referral
center identified. If the saboteur used a biological
agent, there will probably be an immediate clamor
for large quantities of medical supplies, such as
antibiotics or vaccines, for which only limited quan-
tities exist.12 The priority of use and specific distri-
bution plans for these limited resources should be
addressed.

Reevaluate Controls Measures in Place

This periodic reassessment of preventive medi-
cine controls should include degree of compliance
and adequacy of the initial guidelines in view of
the latest information. The team must determine the
need for additional strategies and resources, whether
personnel or supplies. The need to open an additional
unit or an entire field hospital should be assessed.
The need for any product recall should also be as-
sessed. The initiation and timing of such actions
require considerable judgement to weigh the pre-
ponderance of the evidence, the strength of the hy-
pothesized association, and the severity of the
risk to individuals if a recall is delayed. Such deci-
sions may have great economic impact on an indus-
try. Epidemiologists must balance the need to warn
the public against the damage of falsely accusing
an industry or other postulated source. Unfounded
allegations could result in unnecessary economic
losses, such as occurred to the California strawberry
industry during the cyclosporiasis outbreaks.54 Mis-
takes in identifying etiological agents may also lead
to the loss of public confidence in future public
health warnings.

TEST THE HYPOTHESIS

At this point in the investigation, investigators
have postulated risk factors and developed a hypoth-
esis that explains the source, mode of transmission,
and duration of the epidemic. Hypotheses are now
tested by determining whether or not a statistical
association exists between two categories: exposure
(eg, to a specific food or chemical) and clinical out-
come (eg, illness or injury). The analysis of the re-
sults collected to date and the statistical testing of
these results will determine the accuracy of the hy-
pothesis specifying a risk factor to be the cause of
the epidemic.

Collect Data and Specimens

Follow-up of the clues provided from the descrip-
tion of the epidemic by person, time, and place, and
laboratory analysis should result in confirmation
of the diagnosis. All possible cases should be iden-
tified. Both cases and appropriate controls should
be interviewed and given the survey tool to obtain
data that will establish risk factors. From these data
and the environmental evaluation, the mechanisms
of transmission are determined. The cross-sectional
or case-control data collected must be analyzed.
Investigators should calculate attack rates of symp-

tomatic disease from the suspected risk factors. If
food is the suspected exposure and a suspected dining
facility serves multiple meals, meal-specific attack
rates should be calculated first. To do this, investi-
gators must know the number of cases and controls
who did and did not eat the specific meals being
compared. When a single suspect meal is obvious
(eg, a banquet), investigators can initially calculate
the food-specific attack rates. Similarly they must
determine the number of cases and the number of
controls who did and did not eat the specific food
item in question. Investigators compare the rates
of illness for those who were and were not exposed
via consumption of a particular food or drink item
by calculating the differences between the disease
attack rate for those who did eat the food item and
those who did not. The food item that shows the
greatest percentage difference is the most likely
source. Combining attack rates is often useful (eg,
potatoes and gravy, ice cream and chocolate sauce,
ice and water). The highest attack rates will be ob-
served in all combinations involving the suspected
food. Cumulative food attack rates may be calcu-
lated when a specific food is served on more than
one occasion to the same population of people. Next
is the calculation of the difference between cumu-
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TABLE 32-4

SHIGELLA DYSENTERIAE TYPE 2 OUTBREAK, CHI SQUARE AND P VALUES FOR COMMON
FOOD ITEMS

Cases Controls

Food Ate Did Not Eat Ate Did Not Eat Chi Square p Value

Salad 80 9 35 26 21.38 0.0001

Grilled sandwich 27 62 28 33 3.78 0.0520

Fruit cocktail 11 78 8 53 0.02 0.8913

Ice 56 33 33 28 1.17 0.2799

Water 27 62 12 49 2.14 0.1435

Soft Drink 41 48 30 31 0.14 0.7076

Punch 19 70 9 52 1.04 0.3086

Lemonade 9 80 10 51 1.29 0.2559

Iced tea 6 83 2 59 0.86 0.3538

Milk 52 37 20 41 9.53 0.0020

Coffee/tea 17 72 15 46 0.65 0.4202

Hot chocolate 4 85 2 59 0.14 0.7090

French fries 31 58 20 41 0.07 0.7951

Ice cream 50 39 24 37 4.10 0.0428

*p Value < .05
Source: Centers for Disease Control. Hospital-associated outbreak of Shigella dysenteriae type 2—Maryland. MMWR. 1983;32:250–252.

*

*

*

lative attack rates for each specific food between
cases and controls. Then a statistical test is applied
to determine if there are significant differences be-
tween foods as a risk factor for the illness. Tests used
for these purposes include chi-square and Fischer’s
Exact Test for individual food comparisons as
shown in Table 32-4. Other risk measures investi-
gators may apply are odds ratios with confidence
intervals for univariate and stratified Mantel-
Haenszel analyses. In a case-control design, inves-
tigators can study the discordant exposures of cases.
Testing a hypothesis using data from a case-control
design can be an extremely powerful tool to iden-
tify a contaminated vehicle when dealing with
mega-outbreaks. A single case-control study of 15
matched pairs provided the evidence implicating
the ice cream in the massive salmonellosis outbreak
referred to previously. This association was dem-
onstrated 10 days before the isolation of the organ-
ism from the ice cream.41 Control measures were
taken based on this statistical association before
laboratory confirmation, thus preventing many
additional cases.

Because factors other than the etiological risk
factor may affect outcome, a stratified analysis is

sometimes required. This involves examining the
exposure–disease association within different cat-
egories of a third factor. The third factor is referred
to as the confounder. This is an effective method
for looking at the effects of two different exposures
on the disease, and it is one way to tease apart as-
sociation with multiple factors, such as two foods.
The most common method used to control for con-
founding is to stratify the data and then compute
measures that represent weighted averages of the
stratum-specific data using methods such as the
Mantel-Haenszel formula.55 The Mantel-Haenszel
formula was used to analyze the data from the shi-
gella outbreak to differentiate among salad, milk,
and ice cream as the etiological agent (Table 32-5).

Stratification is also used to assess effect modifi-
cation or interaction. Effect modification refers to
the situation in which the degree of association be-
tween an exposure and an outcome differs in dif-
ferent subgroups of the population. Evaluation for
effect modification is accomplished by determining
whether the stratum-specific odds ratios differ from
one another. There are more complete discussions
of analysis strategies for outbreak investigations
elsewhere.56
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Determine the Need for Additional Studies and
Analysis

If the results of the investigation thus far have
not yielded a definitive diagnosis and a presumed
mechanism of disease transmission, then additional
investigation is indicated. A more detailed question-
naire may be needed to elucidate new details. More
sensitive or sophisticated laboratory testing or addi-
tional environmental consultation may be necessary.
Investigators should consider whether the initiation
of carriage studies in controls or other populations
at risk would be helpful. Successful outbreak inves-
tigations will frequently depend on the critical in-
tegration of epidemiologic and laboratory sciences.
The application of molecular techniques to analyze
epidemiologic interrelationships has led to the use
of the term molecular epidemiology. Traditional
laboratory methods to characterize epidemic strains
have relied on the measurement of phenotypes,
such as antibiotic resistance, phage typing, or
serotyping. Plasmid profile analysis was the first
molecular tool to fingerprint bacteria. The newer
techniques can potentially type any strain by using
the chromosomal DNA present in all bacteria and
fungi. Genomic (chromosomal) digests, restriction
fragment length polymorphisms (RFLPs), and PFGE
analyze differences in chromosomal DNA organi-
zation.57 The PFGE is increasingly being viewed as
a new gold standard for the epidemiologic analy-
sis of nosocomial infection,58 and applications to
disease outbreaks caused by bacterial contamina-

tion of food will become routine in the future. Mo-
lecular biology will often be key to identifying pre-
viously unknown infectious disease agents, as in
the case of human ehrlichiosis.59 Molecular biologi-
cal methods may be used to determine early in the
investigation whether a single strain or type of mi-
croorganism is responsible for the majority of cases.
Linkage to a single strain suggests that patients
were exposed to a common source or reservoir.
Molecular analysis of dengue viruses was a useful
adjunct to the epidemiologic investigation of virus
distribution over distance and time in US person-
nel in Somalia.60 Molecular techniques can be ap-
plied to the study of reservoirs of infection and to
trace the modes of transmission.

Epidemiologists must be willing to reject early
theories if initial hypothesis testing is not statisti-
cally significant. Examination of alternative hypoth-
eses to explain investigation findings is the next
step. The process is iterative in nature, as a hypoth-
esis is tested and rejected and then followed by new
planning to explore alternative explanations for the
event under study.61 Subsequent studies may in-
volve additional data collection before testing the
next hypothesis under consideration. Subsequent
iterations of this process should accurately deter-
mine the true risk factors or etiology. Initial inves-
tigations of three outbreaks of infection with
Cyclospora attributed the risk to consumption of
strawberries at special events. However, this was
inconsistent with the observation that while cases
occurred primarily in the eastern United States,
most strawberries are grown in the western United
States. Further investigation showed that raspberries
from Guatemala (sometimes served with strawber-
ries) were the actual vehicle.62 Even if the data col-
lected are sufficient, a more sophisticated analysis
method, such as logistic regression, may be required
to identify the underlying association.

Evaluate the Adequacy of the Case Definition

Case confirmation by laboratory testing permits
evaluation of the sensitivity and specificity of the
definition used during the outbreak investigation.
Additional systematic studies may attempt to find
more cases, obtain more data, (clinical, laboratory,
or epidemiologic), or both. Use of serologic data and
clinical history may improve the case definition and
clarify the population at risk for disease. Repeat
interviews of confirmed cases may reveal quantita-
tive data on exposure dose. If multiple working case
definitions were used, the sensitivity of each case
definition can now be compared (eg, definite ver-
sus probable, primary versus secondary).

TABLE 32-5

SHIGELLA DYSENTERIAE AND CONSUMPTION
OF SALAD, MILK, AND ICE CREAM

Rate Salad Milk Ice Cream

Crude odds ratio 6.60 2.89 1.98

MH OR adjusted — 2.29 1.65
for salad, 95% (CL) (1.10-4.77) (0.80-3.41)

MH OR adjusted
for milk, 95% (CL) 5.87 — —

MH OR adjusted for
ice cream, 95%(CL) 5.99

(2.49-14.42) — —

MH:  Mantel-Haenszel
OR:  odds ratio
CL:  confidence limits
Source: Centers for Disease Control.  Hospital-associated out-
break of Shigella dysenteriae type 2—Maryland.  MMWR.
1983;32:250–252.
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Establish Criteria for Deciding the Outbreak Is
Under Control

Surveillance to find new cases as they occur should
be ongoing. The investigators should have established
numerical criteria for determining that the outbreak
is under control. They must consider whether this is
a complete return to preoutbreak levels or whether it
is the expected small numbers of cases that will occur
as the final contacts of cases in a propagated epidemic
pass through the incubation period window. In almost
all cases of infectious disease outbreaks and in selected
occupational clusters, some type of surveillance sys-

tem should be established to monitor the situation for
a specified period following the outbreak. Ascertain-
ing cases of gastroenteritis appearing at sick call in a
field unit following a foodborne epidemic or moni-
toring wound infections by surgeon or operating room
in certain nosocomial outbreaks are typical examples.

To ensure a smooth transition from the consult-
ant team to local health workers, special care should
be taken to hand off responsibilities and follow-on
investigation taskings (eg, laboratory results follow-
up, new surveillance activities). Timing and details
of the transition should be clearly delineated be-
fore the team departs.

COMPARE RESULTS TO THOSE OF THE PUBLISHED LITERATURE

After the field investigation and the subsequent
analysis are complete, it is important to thought-
fully compare the findings with those conducted
previously and recorded in the medical literature.
Frequently the introduction of new diagnostic

methods or technological advances in the interim
will have allowed a new understanding of patho-
physiological mechanisms that can help explain as-
sociations. New insights or the validation of new
approaches should be published.

FINALIZE A REPORT WITH RECOMMENDATIONS TO CONTROL FURTHER SPREAD

Write an Executive Summary and Prepare a
Complete Report

Updating local health officials and local command
authorities on the investigation results is essential
before the team’s departure. This out-briefing
should include diagnosis, risk factors, presumed
etiology, treatment, environmental controls, surveil-
lance plan, diagnostic improvements, and additional
preventive measures for the future. This prelimi-
nary report may be oral but must be followed by a
written summary. A final executive report summary
written in language appropriate for nonmedical
commanders should be provided to the local com-
manders of the site and unit involved. A more de-
tailed final report should be prepared after all the
analyses are completed. This final report should
define the problem, describe the methods used in
the field investigation, display the epidemiologic
analysis, discuss the results, and present the final
conclusions and recommendations. It should be
submitted to the appropriate medical authorities.

This documentation of the epidemic and the inves-
tigation findings is important for possible future use
to support or justify changes in public health deci-
sions. In certain situations, rapid publication of pre-
liminary results in the Morbidity and Mortality
Weekly Report or internal organizational publica-
tions is important to alert health care providers or
health authorities of apparent new risks or diseases.
Rapid initial disease report summaries may also
serve to alert civilian physicians to potential problems,
such as malaria, in redeploying service members.63

Evaluate the Effectiveness of Recommendations

An assessment plan to evaluate the effectiveness
of control procedures and recommendations should
be part of the final report. Specific surveillance for
the disease or condition of interest following the
departure of the team is critical. Active surveillance
is preferred over passive surveillance to detect any
subsequent outbreaks, as well as to evaluate the
effect of the control measures.

SUMMARY

Epidemiology is the fundamental science of pub-
lic health, and outbreak investigation is the most
visible example of applied field epidemiology. Results
from field studies are critical to finding effective
interventions for disease control. The great epide-
miologic challenge of today is the development of

new tools, such as molecular epidemiology, to ap-
ply to the investigation of emerging infections.
Thoughtful, careful investigation will continue to
be necessary to identify new pathogens, find their
natural reservoirs, and determine their routes of
transmission. This will not be easy. For example,
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despite the occurrence of outbreaks of Ebola hemor-
rhagic fever in the past few decades, the virus’s natu-
ral reservoir remains unknown, and concern about the
possibility of airborne transmission remains.64

Reductions in public health infrastructure and
the complexities associated with outsourcing of
clinical care and certain public health functions all
compound the problem of outbreak detection and
control. Military preventive medicine specialists
affected by military medical downsizing will be
challenged to meet the need for rapid-response,
multidisciplinary teams to direct investigations of
highly dynamic events. These challenges call for the
rapid adoption of new technology for team com-
munication, field laboratory analysis, specimen
holding and processing, and further automation of
data analysis. As the scope of potential problems
increases, major new prevention modalities (eg,

food irradiation) will be adopted and will need to
be evaluated. Vital partnerships between the Depart-
ment of Defense, the CDC, the National Institutes
of Health, the Food and Drug Administration, the
Department of Agriculture, the Environmental
Protection Agency, and the World Health Organization
will have to be productive, cooperative relationships
with clearly delineated roles and responsibilities to
achieve maximum efficiency and effectiveness. Tele-
communication, telemedicine, and computer mod-
eling need to be evaluated as potential additions to
the suitcase of the shoeleather epidemiologist, who
is now working on outbreaks that can spread over
continents. Ultimately, the outcome of these futur-
istic investigations should be the same as those of
today: new health policies for prevention based on
supportive data proven valid by rigorous hypoth-
esis testing.
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